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DEVELOPING TREATMENT METHOD AND DEVELOPING 
TREATMENT UNIT 

Background of the Invention 

1. Field of the Invention 

The present mvention relates to a developing treatment method and a 
developing treatment unit for a substrate. 

2. Description of the Related Art 

In photolithography of the process of fabricating a semiconductor 
device, for example, resist coating treatment for coating the surface of a wafer 
with a resist solution to form a resist fflm thereon, exposure processing for 
exposmg a pattem on the wafer, developmg treatment for developing the 
exposed wafer, and the like are performed in sequence to form a 
predetermined circuit pattem on the wafer. 

In the aforesaid developing treatment, usually a developing solution 
supply nozzle which is formed longer than a diameter of the wafer and has a 
plurality of supply ports along its longimdinal direction moves from one end 
to the other end of the wafer while discharging a developing solution onto the 
wafer, whereby the developing solution is supplied to the entire surface of the 
wafer. After a developmg solution film is formed on the wafer, the wafer is 
developed while remaining stationary in that state for a predetermined period 
of time. On this occasion, on the wafer, a resist film and the developing 
solution at an exposed portion which becomes soluble in the developing 
solution by exposure chemically react with each other to dissolve the exposed 
portion, whereby the developing of the wafer progresses. 

However, it is found by experiment by the inventor, et al. that when 
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the developing solution supply nozzle supplies the developing solution while 
moving in a predetermined direction as described above, there occurs a so- 
called flow phenomenon of the developing solution, in which the supplied 
developing solution flows in a direction opposite to a moving direction of the 
developing solution supply nozzle, that is, in a direction from the other end to 
the one end of the wafer. 

When the developing solution with a high concentration which is at an 
unexposed portion and not yet used for a chemical reaction flows into an 
adjacent exposed portion under such a phenomenon, however, the chemical 
reaction speed at this exposed portion increases, and hence the developing 
speed at this portion increases compared with other portions. As a result, a 
line width at this portion becomes narrower compared with those at other 
portions. 

Meanwhile, when the developing solution with a low concentration 
which is at an exposed portion and used for a chemical reaction flows into an 
adjacent exposed portion, the reaction speed at this exposed portion decreases, 
and hence the developing speed at this portion decreases, whereby a line 
width at this position becomes wider compared with those at other portions. 
Specifically, the developing speed within the surface of the wafer becomes 
ununiform due to the aforesaid phenomenon, which causes unevenness of line 
width of a circuit pattern finally formed on the wafer. 

Summary of the Invention 
The present invention is made in view of the aforesaid point, and its 
object is to provide a developing treatment method and a developing 
treatment unit for eliminating the ununiformity of developing speed within 
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the surface of a substrate such as a wafer caused by the aforesaid flow 
phenomenon of a developing solution, finally leading to the formation of 
uniform line width on the substrate. 

The present invention is a method of supplying a developing solution 
to a surface of a substrate to perform developing treatment for the substrate, 
comprising: a first step of supplying the developing solutioji to the surface of 
the substrate while a developing solution supply nozzle is moving relative to 
the substrate; and a second step of developing the substrate for a first 
predetermined period of time, the second step having the step of stirring the 
developmg solution on the surface of the substrate after a second 
predetermined period of time from the completion of the first step. 

The stirring step is performed, for example, by rotating the substrate. 
It is desirable that the substrate be rotated so that a thickness of the 
developing solution after the step of stirring the developing solution is not 
less than a predetermined thickness. Moreover, the step of measuring a 
thickness of the developing solution after the step of stirring the developing 
solution and the step of changing a rotation time of the substrate based on the 
measurement may be further added. Alternatively, the step of measuring a 
thickness of the developing solution after the step of stirring the developing 
solution and the step of changing a rotation speed of the substrate based on 
the measurement may beturther added. Alternatively, the step of measuring 
a thickness of the developmg solution after the step of stirring the developing 
solution and the step of changing a rotation acceleration of the substrate based 
on the measurement may be further added. 

A developing treatment unit of the present invention is a unit for 
performing developing treatment for a substrate by supplying a developing 
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solution to a surface of the substrate while moving a developing solution 
supply nozzle relative to the substrate, comprising: a rotary drive member for 
holding and rotating the substrate; and a rotation controller for normally and 
reversely rotating the rotary drive member after the supply of the developing 
solution. 

According to the present invention, even if such a flow phenomenon 
of the developing solution as described above occurs, by stirring the 
developing solution on the surface of the substrate during the second step in 
which the substrate is being developed, both an exposed portion and an 
unexposed portion are covered with the developing solution with a uniform 
concentration, whereby the developing speed is made uniform within the 
surface of the substrate. According to the knowledge of the inventor, et al., 
reaction products created by the progress of developing are scattered by 
stirring, whereby the concentration of the developing solution is made 
uniform. 

The above is realized irrespective of pattern spacing. Accordingly, 
the ununiformity of line width of a circuit pattern finally formed on the 
substrate is suppressed. The reason why the stirring step is performed after 
the second predetermined period of time from the completion of the first step 
is that immediately after the start of developing, the chemical reaction of the 
developing solution does not progress so much, hence the concentration of the 
developing solution is the same within the surface of the substrate, and thus 
stirring at this point hinders developing rather than has an effect on 
developing. It is desirable that the second predetermined period of time be a 
period of time fi-om the supply of the developing solution onto the substrate to 
approximately 50 % to 80 % progress of the chemical reaction of developing 



FTKL01005 



(5/28) 



at the exposed portion, and, for example, when the first predetermined period 
of time is approximately 60 sec, it is desirable that the second predetermined 
period of time be approximately 3 sec. to 15 sec. from the result of model 
experiment by the inventor 

If stirring is performed by rotating the substrate, the developing 
solution on the substrate is moved by centrifugal force and stirred at the same 
time. Incidentally, it is important to rotate the substrate for an appropriate 
period of time and at an appropriate rotation speed and rotation acceleration, 
and especially as for the rotation speed, 100 rpm to 1000 rpm in case of a 
wafer with the size of 8 in. and 30 rpm to 1000 rpm in case of a wafer with 
the size of 12 in. are preferable from the result of the model experiment by the 
inventor As for the rotation time, approximately two seconds are preferable. 
Stirring may be performed in other ways, for example, by giving vibration to 
the substrate. 

It is important that the aforesaid rotation of the substrate is performed 
so that the thickness of the developing solution after the step of stirring the 
developing solution is not less than a predetermined thickness. This is 
because if the developing solution on the substrate is excessively cast off due 
to the rotation of the substrate and the developing solution film becomes too 
thin, there occurs such a harmful effect that the developing solution dries and 
thereby developing is not appropriately performed in developing treatment 
thereafter The thickness of the developing solution film is adjusted by 
controlling the rotation time, rotation speed, and rotation acceleration of the 
substrate. According to an experimental result by the inventor, it is 
preferable that the thickness is not less than 8 // m. 

By measuring the thickness after the completion of the second step 
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and controlling the rotation time, rotation speed, and rotation acceleration, 
developing treatment can be performed under more appropriate conditions. 

In the aforesaid invention, the first step may be performed by 
supplying the developing solution to the substrate while the developing 
solution supply nozzle is moving from one end to the other end of the 
substrate. When the developing solution film is formed on the substrate by 
such a movement of the developing solution supply nozzle from the one end 
to the other end of the substrate, the developing solution to be supplied has a 
speed in a fixed direction with respect to the substrate, whereby the influence 
of the aforesaid flow phenomenon of the developing solution is exhibited 
remarkably. Hence, the aforesaid performance of the stirring step during the 
step of developing the substrate is significant. 

In this case, the step of supplying the developing solution again to the 
surface of the substrate while moving the developing solution supply nozzle 
this time in an opposite direction, that is, from the other end to the one end of 
the substrate after stirring may be further provided, which can further enhance 
the uniformity of developing treatment. 

According to the developing treatment unit of the present invention, 
the aforesaid stirring can be properly performed by normally and reversely 
rotating the substrate. 

Brief Description of the Drawings 

FIG. 1 is an explanatory view of a plan of a coating and developing 
treatment system including a developing treatment unit used in a developing 
treatment method according to an embodiment; 

FIG. 2 is a front view of the coating and developing treatment system 
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in FIG. 1; 

FIG. 3 is a rear view of the coating and developing treatment system 
in FIG. 1; 

FIG. 4 is an explanatory view of a vertical section of the developing 
treatment unit used in the embodiment; 

FIG. 5 is an explanatory view of a horizontal section of the developing 
treatment unit used in the embodiment; 

FIG. 6 is a perspective view of a developing solution supply nozzle 
used in the developing treatment unit in FIG. 4; 

FIG. 7 is a vertical sectional view of the developing solution supply 
nozzle in FIG. 6; 

FIG. 8 is an explanatory view showing time distribution between the 
start of the supply of the developing solution and the end of developing; 

FIG. 9 is an explanatory view showing a state in which the developing 
solution is supplied onto a wafer and a developing solution film is formed 
thereon; 

FIG. 10 is an explanatory view showing a state in which the wafer is 
rotated and the excess developing solution on the wafer is cast off; 

FIG. 11 is an explanatory view showing a state in which the rotation 
of the wafer is completed and the thin film is formed on the wafer; 

FIG. 12 is a perspective view showing another form of supply in the 
step of supplying the developing solution; and 

FIG. 13 is an explanatory view of a vertical section of the developing 
treatment unit when a laser displacement gauge for measuring the thickness of 
the developing solution film is provided. 
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Detailed Description of the Preferred Embodiment 
A preferred embodiment of the present invention will be explained 
below. A developing treatment method according to this embodiment is 
carried out by a developing treatment unit. FIG. 1 is a plan view of a 
coating and developing treatment system 1 including the developing treatment 
unit, FIG. 2 is a front view of the coating and developing treatment system 1, 
and FIG. 3 is a rear view of the coating and developing treatment system 1. 

As shown in FIG. 1, the coating and developing treatment system 1 
has a structure in which a cassette station 2 for carrying, for example, 25 
wafers W per cassette, as a unit, from/to the outside into/out of the coating 
and developing treatment system 1 and carrying the wafer W into/out of a 
cassette C, a processing station 3 in which various kinds of treatment units 
each for performing predetermined treatment for the wafers W one by one in 
coating and developing treatment processes are stacked in multiple tiers, and 
an interface section 4 for receiving/sendmg the wafer W froro/to an aligner 
not illustrated but provided adjacent to the processing station 3 are integrally 
connected. 

In the cassette station 2, a plurality of cassettes C can be mounted at 
predetermined positions on a cassette mounting table 5 which is a mounting 
portion in a line in an X-direction (a top-to-bottom direction in FIG. 1). A 
wafer carrier 7 which is movable in the direction of arrangement of the 
cassettes (the X-direction) and in the direction of arrangement of the wafers 
W housed in the cassette C (a Z-direction; a vertical direction) is provided to 
be movable along a carrier guide 8 so as to selectively get access to each 
cassette C. 

The wafer carrier 7 has an alignment function of aligning the wafer W. 
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The wafer carrier 7 is structured to be able to get access also to an extension 
unit 32 included in a third treatment unit group G3 on the processing station 3 
side as will be described later. 

In the processing station 3, a main carrier unit 13 is provided at the 
center thereof, and various kinds of treatment units are stacked in multiple 
tiers around the main carrier unit 13 to compose treatment unit groups. In 
the coating and developing treatment system 1, four treatment unit groups Gl, 
G2, G3, and G4 are disposed. The first and second treatment unit groups Gl 
and G2 are disposed on the front side of the coating and developing treatment 
system 1, the third treatment unit group G3 is disposed adjacent to the 
cassette station 2, and the fourth treatment unit group G4 is disposed adjacent 
to the interface section 4. Further, a fifth treatment unit group G5 shown by 
a broken line can be additionally disposed on the rear side as an option. The 
main carrier unit 13 can carry the wafer W into/out of various treatment units 
which are arranged in the treatment unit groups Gl, G2, G3 and G4 and will 
be described later. It should be noted that the number and disposition of 
treatment unit groups are different depending on the type of treatment, and the 
number of treatment unit groups is optional. 

In the first treatment unit group Gl, for example, as shown in FIG. 2, 
a resist coating unit 17 for coating the wafer W with a resist solution and a 
developing treatment unit 18 in which the developing treatment method 
according to this embodiment is carried out are stacked in two tiers from the 
bottom in order. Similarly, in the second treatment unit group G2, a resist 
coating unit 19 and a developing treatment unit 20 are stacked in two tiers 
from the bottom in order. 

In the third treatment unit group G3, for example, as shown in FIG. 3, 
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a cooling unit 30 for subjecting the wafer W to cooling treatment, an adhesion 
unit 31 for enhancing the adhesion of the resist solution and the wafer W, an 
extension unit 32 for making the wafer W wait therein, pre-baking units 33 
and 34 each for drying a solvent in the resist solution, post-baking units 35 
and 36 each for performing baking treatment after developing treatment, or 
the like are stacked, for example, in seven tiers from the bottom in order. 

In the fourth treatment unit group G4, for example, a cooling unit 40, 
an extension and cooling unit 41 for naturally cooling the wafer W mounted 
therein, an extension unit 42, a cooling unit 43, post-exposure baking units 44 
and 45 each for performing baking treatment after exposure processing, post- 
baking units 46 and 47, or the like are stacked, for example, in eight tiers 
from the bottom in order. 

A wafer carrier 50 is provided at the center of the interface section 4. 
The wafer carrier 50 is structured to be movable in the X-direction (the top- 
to-bottom direction in FIG. 1) and in the Z-direction (the vertical direction) 
and rotatable in a 0 -direction (a direction of rotation around a Z-axis) so as 
to get access to the extension and cooling unit 41 and the extension unit 42 
included in the fourth treatment unit group G4, a periphery exposure unit 51, 
and the aligner not illustrated to carry the wafer W to each of them. 

Next, the structure of the aforesaid developing treatment unit 18 will 
be explained in detail. As shown in FIGS. 4 and 5, a spin chuck 60 which is 
a suction-holder for sucking and holding the wafer W is provided in a casing 
18a of the developing treatment unit 18. A rotary drive mechanism 61 
having, for example, a motor or the like, for rotating the spin chuck 60 is 
provided under the spin chuck 60. The operation of the rotary drive 
mechanism 61 is rotatably controlled by a rotation controller 62, and the 
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rotary drive mechanism 61 is structured to be able to rotate the wafer W for a 
predetermined rotation time and at a predetermined rotation speed and 
rotation acceleration or to stop the wafer W. The rotary drive mechanism 61 
of the spin chuck 60 also has a function of freely moving the spin chuck 60 up 
and down, whereby the wafer W can be delivered from/to the main carrier 
unit 13 by moving the spin chuck 60 up and down when the wafer W is 
carried in/out. 

An annular cup 65 with its upper face open is provided outside the 
outer periphery of the spin chuck 60 to surround the outer periphery of the 
spin chuck 60 so as to catch the developing solution and the like scattered 
from the wafer W which is suction-held on the spin chuck 60 and rotated, 
thereby preventing the units therearound from being contaminated. A drain 
pipe 63 for draining the developing solution and the like scattered from the 
wafer W and the like and an exhaust pipe 64 for exhausting an atmosphere in 
the cup 65 are provided at the bottom of the cup 65. Further, provided in the 
cup 65 are rear face washing nozzles 67 for supplying a washing solution to 
the rear face of the wafer W held on the spin chuck 60 to wash the rear face of 
the wafer W. A drive mechanism not illustrated is provided in the cup 65, 
whereby the entire cup 65 can move up and down and evade downward so as 
not to hinder the movement of a developing solution supply nozzle 70 which 
will be described later. 

An outer cup 66 in a square form with its upper face open is provided 
outside the cup 65 to surround the cup 65 and catches the developing solution 
and the like from the wafer W and the developing solution supply nozzle 70 
described later, which can not be caught by the aforesaid cup 65. 
Incidentally, the outer cup 66 is provided with a drive mechanism not 
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illustrated for moving the outer cup 66 up and down, and when the wafer W is 
washed, for example, the outer cup 66 moves up to collect the scattered 
washing solution and the like more completely. 

Inside the casing 18a, as shown in FIG. 5, the developing solution 
supply nozzle 70 as a developing solution supply nozzle for supplying the 
developing solution to the wafer W, and a washing nozzle 71 for supplying 
the washing solution to the upper face of the wafer W are provided on both 
sides with the outer cup 66 between them. 

The developing solution supply nozzle 70, as shown in FIG. 5, is held 
in such a manner to be hung from an arm 75. The arm 75 is structured to be 
freely movable on a rail 76 which extends in one direction (a direction shown 
by the arrow M in FIG. 5) in the casing 18a, and its moving speed and 
moving timing are controlled by a movement controller 77. The aforesaid 
structure allows the developing solution supply nozzle 70 to move above and 
parallel to the wafer W along the aforesaid M-direction. The aforesaid arm 
75 has a structure including a motor and the like so as to move in the vertical 
direction to optimally adjust the distance between the tip of a discharge port 
of the developing solution supply nozzle 70 and the wafer W when the 
developing solution is supplied. 

Meanwhile, the washing nozzle 71 which discharges the washing 
solution, for example, pure water is supported by a rinse arm 80. This rinse 
arm 80 is structured to be freely movable on the rail 76 by a drive mechanism 
not illustrated. Accordingly, the washing nozzle 71 is movable in the M- 
direction similarly to the developing solution supply nozzle 70. The 
washing nozzle 71 is located to be able to supply the washing solution to the 
center of the wafer W, for example, when the rinse arm 80 is positioned above 
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the center of the wafer W. Thus, the washing solution supplied onto the 
wafer W which is being rotated is spread over the entire surface of the wafer 
W to thereby uniformly wash the entire surface of the wafer W. Incidentally, 
the washing nozzle 71 may supply the washing solution onto the wafer W 
while moving from the center to the peripheral edge of the wafer W. 

The developing solution supply nozzle 70, as shown in FIG. 5 and 
FIG. 6, has an elongated form as a whole, and its length L is at least larger 
than a diameter of the wafer W. One end of a pipe 85 for allowing the 
developing solution to flow from a developing solution supply source not 
illustrated into the developing solution supply nozzle 70 is connected to the 
top of the developing solution supply nozzle 70. The lower portion of the 
developing solution supply nozzle 70 is provided with a plurality of 
developing solution supply ports 86 in a line in the longitudinal direction 
thereof 

As shown in FIG. 7, a solution reservoir 87, which is long in the 
longitudinal direction and communicates with the developing solution supply 
ports 86, is formed inside the developing solution supply nozzle 70 and 
structured to temporarily store therein the developing solution flowing into 
the developing solution supply nozzle 70 from the pipe 85 and to discharge 
the developing solution therefrom through the developing solution supply 
ports 86 simultaneously at the same flow rate and the same pressure. 

As shown in FIG. 4 and FIG. 5, a washing bath 88 for washing the 
developing solution supply nozzle 70 is provided at a waiting position T of 
the developing solution supply nozzle 70 which is located outside the outer 
cup 66. The washing bath 88 is formed to have a cross section in a recessed 
form so as to catch the elongated developing solution supply nozzle 70, and 



FTKL01005 



(14/28) 



Stores therein a predetermined solvent for washing the developing solution 
adhering to the developing solution supply nozzle 70. 

The casing 18a is provided with a carrier opening 90 through which 
the wafer W is carried in/out by the main carrier unit 13 and a shutter 91 for 
opening/closing the carrier opening 90. Except when the wafer W is carried 
in/out, the shutter 91 is closed to prevent a treatment solution from being 
scattered from within the casing 18a and maintain a predetermined 
atmosphere therein. 

Next, the developing treatment method which is carried out in the 
developing treatment unit 18 structured as described above will be explained 
with a photolithography process performed in the coating and developing 
treatment system 1. 

First, the wafer carrier 7 takes one untreated wafer W out of the 
cassette C and carries it into the adhesion unit 31 mcluded in the third 
treatment unit group G3. The wafer W coated with an adhesion promoter 
such as HMDS for enhancing the adhesion to the resist solution in the 
adhesion unit 31 is carried to the cooling unit 30 by the main carrier unit 13 
and cooled to a predetermined temperature. The wafer W cooled to the 
predetermined temperature is then carried to the resist coating unit 17 or 19 
and coated with the resist solution to form a resist film thereon. The wafer 
W is then carried to the pre-baking unit 34 or 35 to undergo baking treatment, 
and thereafter carried to the extension and cooling unit 41. 

Subsequently, the wafer W is taken out of the extension and cooling 
unit 41 by the wafer carrier 50, and then carried to the aligner (not illusfrated) 
via the periphery exposure unit 51. The wafer W which has undergone 
exposure processing is carried to the extension unit 42 by the wafer carrier 50 
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and then held by the main carrier unit 13. Thereafter, the wafer W is carried 
to the post-exposure baking unit 44 or 45 and the cooling unit 43 in sequence, 
where the wafer W is subjected to predetermined treatment, and then carried 
to the developing treatment unit 18 or 20. 

The process of developing treatment will be explained in detail. The 
wafer W which has undergone pretreatment is first carried into the developing 
treatment unit 18 by the main carrier unit 13 and suction-held on the spin 
chuck 60. Then, the developing solution supply nozzle 70 which has been 
waiting in the washing bath 88 at the waiting position T moves to a start 
position S (shown in FIG. 5) which is inside the cup 65 and outside one end 
of the wafer W. 

At the start position S, the developing solution supply nozzle 70 starts 
to discharge the developing solution, and continues trial discharge until its 
discharge condition becomes stable. 

The step of supplying developing solution as a first step and the step 
of developing the wafer W as a second step will be explained below based on 
FIG. 8. First, the developing solution supply nozzle 70 moves from the start 
position S outside the one end of the wafer W to an end position E outside the 
other end thereof at a speed of 60 mm/s to 200 mm/s while dischai^ing the 
developing solution, whereby the step of supplying the developing solution is 
performed. On this occasion, as shown in FIG. 9, the developing solution is 
suppHed to the entire surface of the wafer W, resulting in the formation of a 
developing solution film with a predetermined thickness, for example, 
approximately 1 nrni. Incidentally, when the diameter of the wafer W is 
approximately 200 mm, the developing solution supply nozzle 70 takes 1 sec. 
to 3 sec. to supply the developing solution as described above. On this 
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occasion, there occurs a flow phenomenon which is so-called fluid movement 
of the developing solution in which the developing solution flows in a 
direction opposite to the movement direction of the developing solution 
supply nozzle 70 (in a negative direction with respect to the M-direction), that 
is, in a direction from the end position E to the start position S. 

Simultaneously with the aforesaid supply of the developmg solution 
onto the wafer W by the developmg solution supply nozzle 70, the wafer W 
starts to be developed, and developing is performed while the wafer W 
remains stationary for a predetermined period of time, for example, for 8 sec. 
as a second predetermined period of time. 

After the aforesaid developmg in stationary condition for 8 sec. is 
completed (9 sec. to 11 sec. have passed since the start of the step of 
supplying the developing solution to the wafer W), the rotation of the wafer 
W as a stirring step for eliminatmg concentration difference which occurs due 
to time difference in the supply of the developing solution onto the wafer W is 
started. At this time, the wafer W is rotated for a predetermined rotation 
time, for example, 2.0 sec, at a predetermined rotation speed, for example, 
1000 rpm, and at a predetermined acceleration, for example, 1000 rpm/s 
which are set in a developing treatment program of a unit controller not 
illustrated, under the control of the rotation controller 62. The values of 
these parameters are fixed at such values that the developing solution which is 
changed according to an exposure pattern in exposure is fully stkred, and that 
the thickness of the developing solution film remaining on the surface of the 
wafer W after the rotation exceeds a predetermined thickness. 

When the rotation is started, as shown in FIG. 10, the developing 
solution on the wafer W is cast off and stirred, whereby the concentration of 
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the developing solution within the surface of the wafer W is made uniform. 
After 2.0 sec. from the start of the rotation, the rotation of the wafer W is 
stopped, and a thin film with a predetermined thickness, for example, 8 m 
to 100 iz mis formed on the wafer W as shown in FIG. 11. The thickness of 
this thin film is changed according to pattern spacing on the wafer W. 

Thereafter, the wafer W is developed again for 48 sec. in stationary 
condition. When such developing in stationary condition is completed, the 
step of developing the wafer W is completed. Accordingly, in this 
embodiment, the step of supplying the developing solution and the step of 
developing in stationary condition immediately thereafter put together are 
performed for 10 sec, the rotating step thereafter is performed for 2 sec, and 
the step of developing in stationary condition is performed again for 48 sec 
Thus, putting all these steps together, the developing step is performed for 60 
sec. 

After the washing nozzle 71 then moves to a position above the center 
of the wafer W, the wafer W starts to be rotated at a predetermined speed, and 
the washing solution is supplied to the wafer W from the washing nozzle 71 
and the rear face washing nozzle 67 to wash the wafer W. At this time, the 
cup 65 moves up, and thereby the washing solution and the like scattered 
from the wafer W is caught by the cup 65. 

When the supply of the washing solution is stopped, the wafer W is 
rotated at a higher speed and dried. After the completion of this step of 
drying the wafer W, the developing treatment of the wafer W is completed, 
and the wafer W is carried out of the developing treatment unit 18 by the 
main carrier unit 13. 

In the aforesaid embodiment, the developing solution is stirred by 
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rotating the wafer W during the step of developing the wafer W, whereby 
ununiformity of concentration of the developing solution caused by the 
aforesaid so-called flow phenomenon of the developing solution is eliminated, 
resulting in realization of uniformity of developing speed within the surface 
of the wafer W. Hence, developing after the rotation of the wafer W is 
performed uniformly, which suppresses ununiformity of line width of a circuit 
pattern within the surface of the wafer W. Actually, it is recognized by 
experiment by the inventor, et al. that the CD uniformity by a conventional 
method is 3 a = 18 nm (in a 250 nm Line pattern), but that by this method is 
3 a =8 nm, which indicates that line width ununiformity is suppressed. 

Further, the developing solution film remaining on the wafer W after 
the rotation has a predetermined thickness, that is, a thickness of 8 /z m to 
100 II m, which prevents the developing solution from being dried during 
succeeding developing treatment after the rotation and developed 
inappropriately. 

Furthermore, the stirring step in the aforesaid embodiment is 
performed by rotating the wafer in one direction (normal rotation), but after 
this rotation, stirring may be farther performed by rotating the wafer in an 
opposite direction (reverse rotation). The concentration of the developing 
solution on the wafer is made more uniform by the aforesaid normal rotation 
and reverse rotation. 

It is preferable that the rotation speed of the wafer in reverse rotation 
after normal rotation be set at a speed higher than that in normal rotation, and 
when the wafer is rotated at a speed of 100 rpm for two seconds in normal 
rotation, it is recommended that in reverse rotation, the wafer be rotated at a 
speed higher than this speed, for example, at a speed of 250 rpm. 
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The aforesaid normal rotation and reverse rotation of the spin chuck 
60 are controlled by the rotation controller 62. Specifically, the rotation 
controller 62 is programmed to control the rotary drive mechanism 61 so that 
the spin chuck 60 is stopped after being normally rotated for a predetermined 
period of time and then reversely rotated for a predetermined period of time at 
a speed higher than that in the normal rotation. 

Moreover, it is suitable to supply the developing solution again to the 
surface of the wafer W while the developing solution supply nozzle 70 is 
moving from the other end to the one end of the wafer W in a direction 
opposite to the direction of the arrow in FIG. 4 after the developing solution 
on the wafer W is cast off by stirring. Thereby, the uniformity of developing 
treatment can be enhanced. 

Although the step of supplying the developing solution to the entire 
surface of the wafer W is performed by a so-called nozzle scan in which the 
developing solution supply nozzle 70 supplies the developing solution while 
moving from the one end to the other end of the wafer W in the aforesaid 
embodiment, this step may be performed by supplying tbe developing 
solution to the wafer W which is being rotated while the developing solution 
supply nozzle 70 is stopped. 

In this case, for example, as shown in FIG. 12, the developing solution 
supply nozzle 70 moves to a position above the center of the wafer W and 
then supplies the developing solution to the entire surface of the wafer W by 
discharging the developing solution onto the wafer W which is being rotated 
at a predetermined rotation speed, for example, at 30 rpm. Thereafter, 
similarly to the aforesaid embodiment, for example, developing in stationary 
condition is performed for 9 sec, the step of rotatmg the wafer W (stirring 
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step) is perfonned for 2.0 sec, and thereafter developing in stationary 
condition is perfonned again for 48 sec. Thus, the developing treatment of 
the wafer W is completed. The performance of such a process makes 
developing speed within the surface of the wafer W uniform, resulting in the 
formation of uniform line width on the wafer W, likewise with the aforesaid 
embodiment. 

Moreover, the developing solution supply nozzle 70 may supply the 
developing solution to the entire surface of the wafer W by supplying the 
developing solution to the wafer W when being stopped or moving above the 
wafer W which is being rotated. 

In this case, for example, the wafer W is rotated at a high speed, for 
example, at 1000 rpm, and the developing solution supply nozzle 70 moves 
over the wafer W from the position S (shown in FIG. 5) outside the one end 
of the wafer W to a position above the center of the wafer W while 
discharging the developing solution. On this occasion, a thin film of the 
developing solution is formed on the wafer W. The developing solution 
supply nozzle 70 comes to a stop at a position above the center of the wafer W, 
and the rotation speed of the wafer W is reduced to, for example, 100 rpm 
while the developing solution is discharged. The developing solution is 
supplied onto the wafer W for a predetermined period of time in this state, 
and a developing solution film with a predetermined thickness, for example, a 
thickness of 1 mm is formed. After the discharge of the developing solution 
is stopped and the step of supplying the developing solution is completed, 
similarly to the aforesaid embodiment, for example, developing ui stationary 
condition is performed for 5 sec, then the step of rotating the wafer W 
(stirring step) is performed for 2.0 sec, and finally developing in stationary 
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condition is performed again for 48 sec. Thus, the developing treatment of 
the wafer W is completed. The performance of such a process makes 
developing speed within the surface of the wafer W uniform, resulting in the 
formation of uniform line width on the wafer W, likewise with the aforesaid 
embodiment. 

In all cases, the developing solution may be supplied again to the 
surface of the wafer W from the developing solution supply nozzle 70 by 
rotating the wafer W in a direction opposite to the direction of the arrow in 
FIG. 12 after the excessive developing solution on the wafer W is thrown 
away by stirring, which further enhances the uniformity of developing 
treatment 

In the respective developing treatment methods in the embodiments 
described above, it is also suitable to measure the thickness of the developing 
solution film after the step of stirring the developing solution and change the 
rotation time of the wafer W in the stirring step based on the measurement, in 
which case, for example, as shown in FIG. 13, a device capable of measuring 
the thickness of the developing solution film, for example, a laser 
displacement gauge 95 is provided above the spin chuck 60 in the developing 
treatment unit 18. A value measured by this laser displacement gauge 95 is 
transmitted to the rotation controller 62 for controlling the rotation of the spin 
chuck 60. The rotation controller 62 is given a function of appropriately 
changing the setting of rotation time based on the transmitted measurement, 
for example, a function of storing tolerable values of the developing solution 
film thickness, then comparing a measured film thickness with the tolerable 
values, and amending the setting of rotation time only when the measured 
value is less than the tolerable values. 
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After the rotation of the wafer W is stopped, the thickness of the 
developing solution film is measured, and the setting of rotation time is 
changed based on the measured value. When the thickness of the 
developing solution is not more than 5 jam, for example, the rotation time is 
changed, for example, from 2.0 sec. to 1.5 sec, and such an amend that the 
thickness of the developing solution film comes to exceed a predetermined 
thickness by a reduction in rotation time is given. By measuring the 
thickness of the developing solution fikn after rotation and changing the 
setting of rotation time based on the measurement, the thickness of the 
solution film after rotation of the wafer W to be treated next becomes 
appropriate, which prevents such a harmful effect that the developing solution 
dries due to an excessively thin thickness, causing inappropriate developing 
thereafter. Moreover, in case of excessively thick thickness, the rotation 
time may be changed so that the film thickness becomes thinner. 

Incidentally, although the rotation time is changed based on the 
measurement of the thickness of the developing solution film, the rotation 
speed or the rotation acceleration of the wafer W may be changed, instead. 
Altematively, all of the rotation time, rotation speed, rotation acceleration 
may be changed, or any two parameters out of these may be changed. 

Furthermore, the rotation controller 62 may control developing time 
when the wafer W is developed while remaining stationary after the rotation 
is stopped. 

The embodiments explained above concern the developing treatment 
method for the wafer W in photolithography of the process of fabricating a 
semiconductor wafer device, but the present invention can be applied to a 
developing tieatment method for substrates other than a semiconductor wafer. 
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for example, an LCD substrate. 

According to the present invention, the stirring of a developing 
solution on the surface of a substrate makes the concentration of the 
developing solution on the substrate uniform within the surface of the 
substrate and the developing speed within the surface of the substrate 
identical, whereby developmg thereafter can be performed uniformly. 
Consequendy, the line width of a circuit pattern formed on the substrate has a 
predetermined width, leading to a rise in yield. 



